All relevant data are available from The Center of Epidemiological Research and the Pelotas Birth Cohort Study website (<http://www.epidemio-ufpel.org.br/uploads/downloads/PONE-D-15-14261.xlsx>).

Introduction {#sec001}
============

Problems related to mental health have a high prevalence in the general population. Mental illness is characterized in a complex way and involves social, cultural, politic and economic dimensions. This condition is expressed differently in social classes and in gender relations \[[@pone.0136886.ref001]\].

The expression of the social character of mental illness can be seen in its unequal distribution among men and women and among different social classes \[[@pone.0136886.ref001]\]. Health inequalities have been studied by researchers concerned with the epidemiology of mental illness \[[@pone.0136886.ref002],[@pone.0136886.ref003]\]. When analyzing the relationship between social class and disease, most researchers conclude that the lower the social class, the higher the risk of psychiatric disorders \[[@pone.0136886.ref003]--[@pone.0136886.ref008]\]. In addition, longitudinal studies suggest an effect of economic status in early life on mental health in adulthood \[[@pone.0136886.ref003],[@pone.0136886.ref009]\].

Among members from the 1982 cohort, a higher prevalence of common mental disorders (CMDs) was observed among individuals of the lowest income tertile at 23 years of age, regardless of socioeconomic status at birth, which suggests that mental health might be more strongly determined by the current socioeconomic status. However, exclusively for women, the same study showed that the family income at birth remained associated with CMDs even after adjustment for the current family income \[[@pone.0136886.ref010]\]. This cohort study comprises all children born in 1982 in the city of Pelotas whose mothers resided within the urban area of Pelotas municipality. Among all live-born children, less than 1% of the cases were lost, and the mother refused to participate in the study in less than 1%. Throughout the years, several follow-ups were performed with the following individuals from the cohort: in 1982, all children included in the perinatal study; in 1983, 1/3 of the cohort born between January and April; in 1984 and 1986, all children; in 1997, the residents of 27% of the city census sectors; in 2000, all males; in 2001, the same individuals as in 1997; from 2004 to 2005 and in 2000, all individuals from the cohort.

Concern about the association between socioeconomic status and health has been followed by discussion of the nature of the relationship between the two sets of concepts. For some researchers \[[@pone.0136886.ref011],[@pone.0136886.ref012]\], the disease is the factor that may affect the socioeconomic status, whereas other authors \[[@pone.0136886.ref013]\] support reversing the causal relationship chain, suggesting that the low socioeconomic level leads to general health problems. The findings of Elovainio et al., 2011 \[[@pone.0136886.ref014]\], demonstrate that low socioeconomic levels in adults tend to define a trajectory of adverse change and cardiometabolic risk factors, especially adiposity, glucose metabolism, and onset of metabolic syndrome.

Longitudinal studies to analyze social differences and inequalities in health have been proposed to seek clarification about how exposure at different phases of life determines subsequent health statuses \[[@pone.0136886.ref015]--[@pone.0136886.ref019]\]. Social mobility is a strategy proposed to investigate and evaluate the socioeconomic trajectory and has been used to determine the relationship with health status and its risk factors in European countries \[[@pone.0136886.ref020]--[@pone.0136886.ref022]\].

To explain the effects of socioeconomic status throughout life on health outcomes, three hypotheses are proposed: Critical Period, Risk Accumulation and Social Mobility. The Critical Period hypothesis adopts the premise that the effect of exposure during a given period of life is the main determinant of risk and interferes with the outcome in different ways according to the period \[[@pone.0136886.ref023]\]. The Risk Accumulation hypothesis assumes that the gradual accumulation of exposure increases the risk of the outcome, and the Social Mobility hypothesis is based on the idea that changes in position between different categories of the social structure throughout life explain the outcome \[[@pone.0136886.ref023]\]. Using an approach that statistically compares the three models representing each of these hypotheses with a saturated model is the most adequate approach to the longitudinal analysis of lifelong exposure regarding a particular outcome \[[@pone.0136886.ref021],[@pone.0136886.ref024]\].

Given the above, this study aimed to evaluate the relationship between mental disorder at 30 years of age and social mobility by formally testing the three hypotheses (Risk Accumulation, Critical Period and Social Mobility).

Methods {#sec002}
=======

This study used data from the 30-year follow-up of the 1982 Pelotas Birth Cohort study. The three maternity hospitals of the city were visited daily during the year of 1982, and the mothers of all 6,011 newborns who lived in the urban area were interviewed in the perinatal study. The 5,914 live births were examined and formed the original cohort. Subsequently, several follow-ups were performed, including subsamples or the whole cohort. The detailed methodology of these follow-ups is described in other published studies \[[@pone.0136886.ref025]--[@pone.0136886.ref028]\].

The 30-year follow-up that aimed to locate and interview all members of the 1982 cohort began in July 2012. The participants were asked to visit the Epidemiological Research Center for the data collection, which included questionnaires addressing demographic, socioeconomic, healthcare, physical activity, nutrition and mental health variables, in addition to physical examinations and collection of blood and serum samples.

The tool used to evaluate mental health was the *Self Report Questionnaire* (SRQ-20), which was designed by \[[@pone.0136886.ref029]\] and proposed by the World Health Organization to detect CMDs in the population. This instrument is a screening tool that consists of twenty questions with dichotomous yes or no answers. The evaluation is performed by investigating non-psychotic symptoms during the previous month, especially depression and anxiety. SRQ-20 consists of four questions about physical symptoms and 16 questions that address emotional issues. The translation and validation of the instrument for Portuguese were performed by \[[@pone.0136886.ref030]\], with a sensitivity of 83% and a specificity of 80%.

In this study, the presence of CMDs was defined using the number of positive answers to each of the SRQ-20 questions. Thus, women with eight or more positive answers in this scale were considered possible cases of minor psychiatric disorders. For men, the cut-off point was six or more positive answers. The prevalences of common mental health disorders are different between, genders and the SRQ 20 was validated in the Brazilian population with different cut-offs for men and women. The cut-offs suggested by Mari et al \[[@pone.0136886.ref031]\] were used in this paper.

Variables regarding family income were collected in all follow-ups. In the perinatal study, these variables were collected in five categories according to the minimum wage and were subsequently transformed into continuous variables using a process called allocation of income, which was based on characteristics of the family and the household, with principal component analysis (PCA) of four variables (public insurance system affiliation in delivery care, education, height and skin color of the mother of the cohort member). To analyze social mobility throughout life, in addition to the continuous variable obtained by PCA using data obtained in the perinatal study, information on family income collected in follow-ups that included the total sample of cohort members in 2004--5 (when participants of the cohort had a mean age of 23 years) and in 2012--13 (mean age of 30 years) was used. These data were collected continuously, in Brazilian Reais, and the distribution of all income variables in each of these three follow-ups was divided into tertiles, with the first classified as poor and the second and third as non-poor. Thus, the social mobility variable had eight defined categories: always poor, poor/non-poor/poor; poor/poor/non-poor; poor/non-poor/non-poor; non-poor/poor/poor; non-poor/non-poor/poor; non-poor/poor/non-poor, and never poor.

The eight categories constructed allowed description of the social mobility trajectory of members of the cohort at three points in their life cycle: at birth, at 23 years of age and at 30 years of age, i.e., *t* ~*1*~, *t* ~*2*~ and *t* ~*3*~, respectively.

According to the methodology adopted by Mishra et al. \[[@pone.0136886.ref021]\], the social mobility trajectory was transformed into a dummy variable (*S*), which assumed the value "1" when the individual belonged to the second or third income tertile (non-poor category) and "0" when the individual belonged to the first income tertile (i.e., the poor category). Thus, *S* can be defined as the vector *S = (S* ~*1*~..,*S* ~*j*~ *)*, in which j = 1, 2 and 3 and the expected value of the interest variable, mental disorder (Y), can be expressed as a function of a linear combination of all *S* ~*j*~, such that: $$E(Y) = \alpha + \beta_{1}S_{1} + \beta_{2}S_{2} + \beta_{3}S_{3} + \theta_{12}S_{1}S_{2} + \theta_{23}S_{2}S_{3} + \theta_{13}S_{1}S_{3} + \theta_{123}S_{1}S_{2}S_{3}$$

The model described above considers that mental illness at 30 years of age is related to the income distribution in tertiles considering the three time points collected *(S* ~*1*~,*S* ~*2*~,*S* ~*3*~ *)* and their interactions *(S* ~*1*~ *S* ~*2*~,*S* ~*2*~ *S* ~*3*~,*S* ~*1*~ *S* ~*3*~,*S* ~*1*~ *S* ~*2*~ *S* ~*3*~ *)*, always compared with the expected value of Y (having a mental disorder) for the "always poor" trajectory. Considering this formulation as a starting point, hypotheses related to the Risk Accumulation Model, the Critical Period Model and the Mobility Model are tested.

In the Risk Accumulation Model, the greater the number of periods that a subject remains in the "poor" condition, the greater the risk of having a mental disorder. Thus, if all extreme cases are considered, a subject who remained "non-poor" for all three periods may have a different probability of having a mental disorder at 30 years of age than a subject who remained in the "always poor" condition for all three periods.

This hypothesis is represented by the following linear regression model: $$E(Y) = \alpha + \beta{\sum\limits_{j = 1}^{3}S_{j}}$$

The above equation is obtained from substitutions into the previous equation treating the effect of *(S* ~*1*~,*S* ~*2*~,*S* ~*3*~ *)* as identical regarding the mental disorder risk and assuming that socioeconomic fluctuations during life are not important. Thus, testing the Risk Accumulation Model hypothesis consists of performing a hypothesis test in which *H0*:*β* ~*1*~ *= β* ~*2*~ *= β* ~*3*~ *;θ* ~*12*~ *= θ* ~*23*~ *= θ* ~*13*~ *= θ* ~*123*~ *= 0*.

The Critical Period Model considers that being "poor" during different phases of life may influence the outcome in different ways. This hypothesis considers the point in the life cycle at which the subject has the "poor" condition to be important. Thus, the current income is more important to the risk of having a mental disorder, regardless of the "poor" or "non-poor" condition at other points in life. In this model, different results obtained in the absence of the outcome due to the socioeconomic differences found among subjects only at moment *t* ~*3*~ are compared. Thus, *Δ critical period = Y* ~*1\*\**~ *---Y* ~*0\*\**~. This model assumes that only the social status of the subject in adulthood is associated with the result of having a mental disorder or not, regardless of the trajectory. In this case, the linear regression model corresponds to the following equation: $$E(Y) = \alpha + \beta_{3}S_{3}$$

In the Critical Period Model, the hypothesis test performed to verify its validity is *H* ~*0*~:*β* ~*1*~ *= β* ~*2*~ *= θ* ~*12*~ *= θ* ~*23*~ *= θ* ~*13*~ *= θ* ~*123*~ *= 0*. Similarly, the same hypothesis can be tested for *t* ~*1*~ and *t* ~*2*~.

Finally, the Social Mobility Model compares the two adult time points of the subject to capture the effect of intergenerational mobility *(t* ~*2*~ and *t* ~*3*~ *)*. The hypothesis, in this case, is that the mental health condition of the subject can be influenced by socially ascending or descending. Therefore, in this model, social mobility involves both directions of change. Using the usual notations, the model is represented by the following linear regression equation: $$E(Y) = \alpha + \beta_{2}S_{2} + \beta_{3}S_{3} + \theta_{23}S_{2}S_{3}$$

The hypothesis test to be performed is *H* ~*0*~:*θ* ~*23*~ *= -(β* ~*2*~ *+ β3;β1 = θ12 = θ013 = θ123 = 0*. If the intergenerational mobility were considered, the model above would aggregate the change from moment *t* ~*1*~ and could be rewritten as follows: $$E(Y) = \alpha + \beta_{1}S_{1} + \beta_{2}S_{2} + \beta_{3}S_{3} + \theta_{12}S_{1}S_{2} + \theta_{23}S_{2}S_{3}$$ in which the interaction term *S* ~*1*~ *S* ~*2*~ captures the effect on the expected value of the intergenerational mobility Y. The hypothesis test to be performed here is *H* ~*0*~:*β* ~*2*~ *= (β* ~*1*~ *+β* ~*3*~ *);θ* ~*12*~ *= θ* ~*23*~ *= -β* ~*2*~ *;θ* ~*13*~ *= θ* ~*123*~ *= 0*.

In the statistical analysis, the chi-square test with the Yates correction was used to estimate the prevalence of mental disorder, and the Poisson regression with robust variance3 was used to test the hypotheses according to the Risk Accumulation, Critical Period and Social Mobility Models. The analyses were stratified by gender because there is evidence in the literature that the risk of mental disorders is higher in female subjects \[[@pone.0136886.ref032]\]. The statistical analyses were performed using the software Stata 12.

The study was approved by the ethics committee of the School of Medicine of the Federal University of Pelotas (Universidade Federal de Pelotas---UFPEL), and an informed consent form was signed by all participants.

Results {#sec003}
=======

The first 30-year follow-up occurred between June 2012 and February 2013, and 3,701 members of the cohort were interviewed. Added to the 325 deceased participants of the cohort, this number reached a follow-up rate of 68% of the original cohort. Of the 3,701 members of the cohort, 1,914 (51.7%) were women, and approximately 66% lived with a partner. In total, 3,642 members of the cohort interviewed at 30 years of age answered the SRQ-20, including 1,757 (48.2%) men and 1,885 (51.8%) women.

[Table 1](#pone.0136886.t001){ref-type="table"} shows the prevalence of CMD in the total number of individuals and stratified by gender. This prevalence was 24.3% (95% CI 22.9--25.7) in the whole sample. A higher prevalence, 27.1% (95% CI 25.1--29.2), was found in women, and the difference between genders was significant (p \< 0.001).

10.1371/journal.pone.0136886.t001

###### Prevalence of CMD in men and women, Pelotas, 2012.

![](pone.0136886.t001){#pone.0136886.t001g}

  CMD       Total n = 3642      Men n = 1757        Women n = 1885
  --------- ------------------- ------------------- -------------------
  **Yes**   24.3 (22.9--25.7)   21.3 (19.4--23.3)   27.1 (25.1--29.2)
  **No**    75.7 (74.3--77.1)   78.7 (76.7--80.6)   72.9 (70.8--74.9)

[Table 2](#pone.0136886.t002){ref-type="table"} shows the eight possible income trajectories. The income was considered a dichotomous variable in which 0 represents "poor" and 1 "non-poor" individuals. The income distribution was described for the total sample and separately for men and women. The group with the best income, i.e., "non-poor", included approximately 40% of participants of the study at the three time points studied. Among men, the lowest proportion was found in individuals who suffered a descending social mobility when compared to the 1982 and 2004 follow-ups and who remained in the lowest income group in 2012. Among women, the lowest proportion was found in individuals who remained in the "poor" group in the first two periods and who had ascending mobility in 2012.

10.1371/journal.pone.0136886.t002

###### Distribution of the social mobility variable trajectory, Pelotas, 1982/2004/2012.

![](pone.0136886.t002){#pone.0136886.t002g}

  Year of follow-up   Total n (%)   Men n (%)   Women n (%)                
  ------------------- ------------- ----------- ------------- ------------ ------------
  0                   0             0           320 (10.0)    126 (8.1)    194 (11.9)
  0                   1             0           199 (6.2)     93 (6.0)     106 (6.5)
  0                   0             1           183 (5.7)     102 (6.5)    81 (5.0)
  0                   1             1           299 (9.4)     171 (11.0)   128 (7.8)
  1                   0             0           244 (7.6)     83 (5.3)     161 (9.9)
  1                   1             0           335 (10.5)    165 (10.6)   170 (10.4)
  1                   0             1           288 (9.0)     148 (9.5)    140 (8.6)
  1                   1             1           1328 (41.6)   673 (43.1)   655 (40.1)

0 = Poor 1 = Non-Poor

[Table 3](#pone.0136886.t003){ref-type="table"} shows the presence of CMD at 30 years of age for each of the eight possible categories. Significant associations were found for men and women. CMD was more frequent in subjects who remained "poor" in the three follow-ups, and the lowest proportion of mental disorders was found in subjects who remained "non-poor" in all follow-ups.

10.1371/journal.pone.0136886.t003

###### Prevalence of CMD according to Social Mobility, Pelotas, 1982/2004/2012.

![](pone.0136886.t003){#pone.0136886.t003g}

  Year of follow-up   Total n = 3191   Men n = 1558   Women n = 1633          
  ------------------- ---------------- -------------- ---------------- ------ ------
  0                   0                0              40.4             30.9   46.6
  0                   1                0              29.1             20.4   36.8
  0                   0                1              30.0             27.4   33.3
  0                   1                1              18.7             18.1   19.5
  1                   0                0              36.5             31.3   39.1
  1                   1                0              27.0             24.5   29.4
  1                   0                1              25.0             23.6   26.4
  1                   1                1              16.5             17.0   16.1

0 = Poor 1 = Non-Poor

[Table 4](#pone.0136886.t004){ref-type="table"} shows the analysis performed to test each of the three hypotheses (Risk Accumulation, Critical Period and Social Mobility) regarding mental disorder proposed in this study. For both men and women, the Risk Accumulation was the best-fit model, with p = 0.6348 and p = 0.2105, respectively. For men, the largest proportions of CMD are in subjects classified as "poor" in *t3*, regardless of the classification in previous periods, as indicated in the Critical Period Model. This result is not evident only in the condition in which "non-poor" was observed only in *t3*. Regarding women, the Risk Accumulation Model is clear, as all four situations (0 0 0, 0 1 0, 0 0 1 and 1 0 0) have the highest prevalence of mental disorder.

10.1371/journal.pone.0136886.t004

###### Results of saturated and restricted tests according to the different hypotheses tested, Pelotas 1982/2004/2012.

![](pone.0136886.t004){#pone.0136886.t004g}

  Hypothesis                    Statistic[\*](#t004fn001){ref-type="table-fn"}   P-value
  ----------------------------- ------------------------------------------------ ---------
  **Men**                                                                        
   No effect                    24.52                                            0.0009
   Accumulation                 4.31                                             0.6348
   Critical period                                                               
   t1                           21.16                                            0.0017
   t2                           11.81                                            0.0663
   t3                           9.36                                             0.1542
   Intergenerational mobility   24.05                                            0.0002
   Any mobility                 21.47                                            0.0007
  **Women**                                                                      
   No effect                    117.05                                           \<0.001
   Accumulation                 8.40                                             0.2105
   Critical period                                                               
   t1                           77.13                                            \<0.001
   t2                           74.74                                            \<0.001
   t3                           31.60                                            \<0.001
   Intergenerational mobility   111.29                                           \<0.001
   Any mobility                 113.41                                           \<0.001

\* Chi-square test

Discussion {#sec004}
==========

The prevalence rates of mental disorder found in this study and the difference found between men and women are consistent with results previously found in the same municipality with a slightly younger population \[[@pone.0136886.ref010],[@pone.0136886.ref033]\]. It is worth noting that these rates were already present for members of this cohort at a mean age of 23 years \[[@pone.0136886.ref010]\], and although the effect of change in income from birth to 23 years of age had been presented, this study describes three different models for the longitudinal analysis of the effect of income on CMD. In addition, it is important to emphasize the relevance of evaluating the prevalence rates of mental disorder in different age groups, especially during early adult life, a time of decision making and personal and professional changes that may cause suffering and symptoms related to CMD. In a systematic review \[[@pone.0136886.ref034]\] performed between 1997 and 2009 on the general prevalence of mental disorder in the adult Brazilian population, these rates ranged from 20 to 56%. Relatively high prevalence rates were observed, and the use of more sensitive or more specific cut-off points in some studies that contribute to explaining the differences in these prevalence rates cannot be discarded.

Worldwide, problems related to mental health have been widely reported, indicating high prevalence rates among the general population \[[@pone.0136886.ref035]\]. Millions of people suffer from some type of mental disease, and this number is progressively increasing, especially in developing countries \[[@pone.0136886.ref036],[@pone.0136886.ref037]\]. Mental disorders lead to individual suffering and have important socioeconomic implications because they may cause lost work days and burden health services36. The Pan American Health Organization (PAHO) and the World Health Organization (WHO) note that the prevalence of mental disorders in the population is increasing34 and estimate that approximately 450 million people around the world suffer from mental or neurobiological disorders, which represent the fourth leading cause of disability in the world population. From this perspective, this study evaluated mental disorders at 30 years of age by testing the association with the socioeconomic trajectory throughout the life cycle. For this purpose, the three following general hypothesis models were used: Risk Accumulation, Critical Period and Social Mobility, which aim to examine the longitudinal effects of economic status on any outcome.

Although there are different ways to evaluate social mobility \[[@pone.0136886.ref038],[@pone.0136886.ref039]\], in general, studies analyze the influence of social mobility on health by occupational classification \[[@pone.0136886.ref040],[@pone.0136886.ref041]\]. In this study, we used family income because occupational classification in Brazil does not have a clear and definitive definition and also because this information was not collected in the perinatal study (*t1*), which prevents construction of the social mobility trajectory based on occupational classification. Because this work is a longitudinal study, it has the advantage of not being influenced by time, preventing the memory bias that could occur, especially with questions regarding family income at birth in 1982.

This study is important for public health because data from follow-ups performed in developing countries at three time points with the same population and the follow-up rate found in this study are rare.

The SRQ-20 is a screening procedure for common mental health diseases, and it represents a limitation for the present study considering that neither psychotic symptoms nor substance abuse, among other mental diseases, could be identified by this instrument.

Instead of using a saturated analysis model \[[@pone.0136886.ref021]\], the hypotheses of risk accumulation, critical period and social mobility are suggested for studying the effects of socioeconomic trajectory on health outcomes \[[@pone.0136886.ref023],[@pone.0136886.ref042]--[@pone.0136886.ref044]\].

Thus, this study presents the homogeneous effects of income and its mobility regarding gender because the best-fit model was the Risk Accumulation Model, for both men and women. However, when only the Critical Period Model was evaluated, *t3* had a reasonable fit (p = 0.1542) only for men. Of the three hypotheses tested, the results found here indicate that the Risk Accumulation Model is the best-fit model for men and women. Thus, the association between socioeconomic level and mental disorder occurred according to the number of periods in which the cohort member was in a situation of economic vulnerability, i.e., this association occurred when the cohort member remained in the "poor" category for longer periods of time. These results suggest that long-term policies regarding socioeconomic status could be more effective in decreasing the prevalence of mental disorder.

The results found in this study indicate the need to rethink public policies for income maintenance. Programs aimed at direct income transfer are common in Brazil, and social security systems based on retirement and unemployment insurance have been developed. However, these public policies focus on the effect on short-term income. Long-term economic measures should also be planned in Brazil and in other countries in South America. In Brazil, the Family Grant Program (Programa Bolsa Família) stands out as an advance in direct income transfer programs for the poor \[[@pone.0136886.ref045]\]. Finally, we suggest further studies to investigate the role of different public policies in decreasing the prevalence of mental disorder and thus contribute proposals of new policies that may contribute to the prevention of these disorders.

This article is based on data from the study \"Pelotas Birth Cohort, 1982\" conducted by Postgraduate Program in Epidemiology at Universidade Federal de Pelotas with the collaboration of the Brazilian Public Health Association (ABRASCO). From 2004 to 2013, the Wellcome Trust supported the 1982 birth cohort study. The International Development Research Center, World Health Organization, Overseas Development Administration, European Union, National Support Program for Centers of Excellence (PRONEX), the Brazilian National Research Council (CNPq), and the Brazilian Ministry of Health supported previous phases of the study.
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